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Status of Radiographic Study, Development. and New /applications

in the LASL Nondestructive Testing Group

R~diographic efforts are presently underway in Group M-1 in th~
..

following areas.

StudJ

1. Replacement of be?-atron with a Racetrack ~icrotrun.

Development—

1. Tomography.

2. Cineradiography.

3. Flash x

New Applications

1. Flash x

ray.

ray.

Replacement. of Betatron with a Racetrack Microtron

Our b~tdtron ls cow 27 yea% old and continues to give

r~cc;?onally h13h quality radiographs. It does require r~lhcr lat-gc

ac:)un~s of nursing and we are fortunate to have Dan? Elliott, to perform

!,!’1:,:,(,r~jc(,.In ad(!ition to t.h~high l(IVP1 of “:;,:lnten,lncrrcuuired, th(

bet,?t.ronc~nnot meet some of the other needs we have. It would be very

desirable to h~ve a high energy radiographic facilit~ that, in t.titlitionto

~rccision radiography, could be called upon to perform neutron radiography,

oh’otonactivation, and clneradiography.

As mentioned in the last WANTO meeting, canc!iddtes for this x-ray

generc~or include an undefined product of LASL’S Accelerator Technology

‘;.?)[’ivis-qn ana ~ l?~cetriickNicrotron, possibly fron:Scanditronix of

Stockholm. Sweden.

---



Our principal problem ~t the morilent is fundi fig for a design study

by either AT Division for (essentially a new machine) or by Scanditronix

for a modification of thetr basically medical microtron. This decision is

complicated by general fund”ing problems and a pending decision on a high-

energy radiography fac~lity for exclusive, or primary, use to x-ray Nevdda

devices.

In ally event, radiographic parameters that are being considered

include 30- to 50-f4eV energ,y, up to 13,000 rad/min intensity, 0.5- to

2.O-nn focal spot size, and an electron beam emerging through a vacuum

window onto a replaceable target.

Tomogra~l.ic Development

A tomographic fixture has been built as shown in Fig. 1. One of

the first applications of this system has been to radiograph at 200-kV

reactor cooling water tubes with ~he imaging on Type M film. The basic

goal was to demonstrate the fc~sibility of visualizing radial cracks caused

by stress corrosion in the cooling tubes by computed tomograp~lic

reconstruction. The tomograph-lc rpsul?.s will In turf) M? Usrd by t.t(

Battelle Northwest Laboratory to c~librate an eddy cur-rent inspection for

th~ tubing. The tubing has an (Id. of 22 ImI and J w;:ll thlckn(’s:i of 1.2 IT::

‘nd t.f:ccr~c).s arc believed to be r~di?: .,4

In general, radiography or r~uiation tr~nsmisslon gauges ~re not

the inspectio~] of choice when tight cracks are to be detected because the

sensitivity of any radiogr~phic technique to crficks is a very sensitive

function of crack orientation. In fact this reasoning is implicit in the

choice of eddy currents as the primary insr)ection technique for stress

corro~lon cracks. tiowcv[’r, qtiant;t,atlve sizing of defects 1s very

difficult if not inlnossibl, with eddy currents if good standards are not
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.~vailable. Tomography, while basically ~ r~diation gauging technique ~nd.

hence relatively insensitive to cracks, does yield”a result that sizes
●

defects to within the accuracy implied by the sampling theorem: “

Because the features to be visualized are very small (<0.1 nunx 1

mm) with high x-ray absorption contrast, industrial x-ray film was chosen

as the detec~or. While the film has relatively low-dynamic rafige, it has

excellent spatial resolution comparable to a collimated detector.

After each exposure, the tube was rotated 1° and the film

?dvanced. Because the exposure slit plates were relatively thin, the

background radiation started building up, whit+ limited each film to 20

exposures. To permit the fan-beam geometry IO be corrected to the normal

parallel beam geometry, views were taken from -10 to 190°”

After the films

a microdensitometer. The

on Iilagnetictape prior to

viere deveioped, each slit image W2S scanned with

digit~l data resulting frol,leach sc~n w~s stored

manipulating in the computer.

Future experiments will use a collinmted solid state detector in

lieu of film.

This work has uemonsLrdted the fe~sibility of visualizing dctual

s?.rpss corrosion cracks within rca~.to) cool’no tuhcs hy t.m::opr(,!lhi:

I“i’: ‘ 5:)-UC? 10II. Th(,t-(’ hi?~ LJC(T: r,r, di:cr!in,:~lcr, (:f :11! s;),.~i,;l tL.,;,l{J~l~!

of the technique nor exploration of the functional dependence of sptitial

resolution with such system parameters ds:

1. scanning aperture size,

9L. detector WSollJtlfJfl (solid State dnd filnlj,

?d. signal-to-noise ratio, and

4. x-rdy en~rgy.
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The results indicate that tomography m~y become. an

tool when properly developed. The next obvious step to take

important NDE

is to section

the pipe in the vicinity of the-tomographic section and compare the visual

indications with the tomographic indications. At the same time a series of

ex~)erilnents using mockup and real cracks should be devised to explore the

sensitivity of the technique to d~fect detection.
1

Cineraciugraphic Development..—— —

LA.SL entered Into a contract with the University of Dayton

Research Institute on (!ctober 1, 1978 to provide funds for their

development of a high speed cineradiogrdphic system. (Which for our

pur~oses is analogous with multipulse and multiple imaginn, flash x-ray.)

Th[ system components as they are presently defined are as follows.

X-Ray Source - A cluster tubehead whit’1 takes up

to up to nin~ channels of Hewlett

Pdckard flash x-r::y

any conlbindtion of

ch,:nnels in P ~ x 3

L(,ll:( t -!(!-C(III.C?’ L;

eqtil[mlen! -

50-kV and 300-kV

~rr[>.vwith ~

Cln$ :f 4.! c1 .

1. h!orri~. P, A.; Kruger, R. P.; Wecksung, G. b!. “Tomogranhlc

‘;isuallz?ti~n of Stress Corrc:,lon Cracks In Tubin[;.’” L:.,-7L~]-~~:

Infornial Rer~ort. (June 1979).
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X-Ray-to-Light .

Conversion Screen - Gd202
#

Camera “ - Discrete sequential picture tube

with an S20 photocathode deposited

on a 40-ITIndiam microzhannel

plate: Output fluorescent screen

is a P-20 on a 15 cm-diam fiber

optic. The tube has magnetic

deflection and focusing with elec-

trostatic ~cceleration up to 30 kV.

There will be 9 frames, 30 x 30 mm,

15 to 20 LP/rIrnresolution at a frame

rate of 200,000/sec.

An artist conception of the camera is shown in Fig. 2. We have

had numerous difficulties wit,h this contract as we have gone thro~gh three

differe~t x-ray generators and the ~ssociated specifying of requirenmnts

evtl]uation of vendor bids, fin~ncial ups and downs, new v:’l;dors ~[,;:etirirl[;

and disappearing to name a few of the Droblems. The situation with the

c::”’:’r::ha~.hrcn even rmre diffic(ll? ,?nti?!-IPo,I+c(::::(I(,IJpr,l(Jc.c, cf~r:;in. :;:

,:,.,~,.ill ~,~i!ln~,. i:~r 1:WOI i.lng sysce:, !!;,:IL (~:c (;: ::):-”..1.,4-.(:’;cr , ::1L.:.-

nresent situation is messy and the proposed system netier functions, I thin}.

wc h;ive t)egun ~ search that will ccntinue for ~ long; ime as the payoff of

multiple, high speed, x-ray imaging is so enticing.

These deveionmenzs are mainly the acquiring of additional Hewlett

Pdckard systems to meet the still growing demand for these services.



Energy

Level

150 kV

180 kV

300 kV

450 kV

600 kV

1 MeV

2 MeV

Systems Acquired

Since the Last

WANTO Meetinq

2’.

---

---

2

1

---

---

5

.

Current Tally-

of Systems

2

4

2.

2

1

1

16

Systems Being

2

---

1

---

---

---

1
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New Applications of Flash X Ray

We had continued to work with Hercules, Inc. in Magna, UT and the

!iaval Medpons Center. China Lake, California on Navy funded application of

flash x-ray to rocket motor experiments and more besic propellarlt studies.

Lone exa~,ples of these drc as fellows.

Fig. 3 - 150-kV flesh x-ray setup for s~lotgun launched

propellant impact studies.

FIG..4 - Shcl:.<’in1:’r:c:/fl(:st:x-~-..j:J’:ICL1 “CLU:!.L.

Fig. 5 - 420-kV flesh x-ray setup for deflagration to

detonation transition (LIDT) experiment.

Fig. 6 - Static and dynamic radiographs of DLT experiment.

Fig. 7 - 2-M124 flash x-r~v of second st~ge Trident missil~

motor in static firing at Tekoi, Ut3n.
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In addition to these applications, we began working with Purdue

University this July on a NRC funded, flash x-ray of mercury droplets in a

shock tube - a reactor safety-related experiment.

We began working ’with-Thiokol near Brigham City, Utah in August

on a hot shock tube/flash x-ray experiment.

We have several other applications utier consideratio:~ including

flash x-ray ~t a gun range of Delc” GM in Santa Barbara, California, other

projects at Purdue University, China Lake and Hercules, ]nc. Magna, Utah,.
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Fig. 2



SHOTGUN FIRING AREA
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SHOT GUN IMPACT TESTS

DEFLAGRATION RADIOGRAPH
~ -~

5.7 psEL

. .,
.,

20.8 pSEC

. .,
.“

40.8 PSEC 121.7 PSEC

IMPACT VELOCITY 1527 FT/SEC
Firl.4



TRANSPARENT PIPE DETONATION TESTS

TEST ARRANGEMENT
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TRANSPARENT PIPE DETONATION TESTS

EXPOSURE BEFORE IGNITION
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SX-66 NOZZLE UP FIRING TEKOI “TEST RANGE
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